A non-predictive gaze cue produces a reflexive shift of attention to the gazed-at location. The present study used a modified version of Posner's attentional cueing paradigm (a gaze cueing paradigm) to investigate role of grotesque facial expressions on a gaze cueing effect involving induced fear. Grotesque faces were created by vertically shifting the position of one of the two eyes (Experiment 1, N =28) or both eyes (Experiment 2, N =28). The grotesque faces of Experiment 1 produced a larger facilitative effect of a gaze cue than did original faces, whereas the less grotesque faces of Experiment 2 did not. Cooper & Wojan (2000) have shown that one-eye moved faces produce much more grotesque impressions than two-eye moved faces. Results suggest that a grotesque facial expression, which may induce fear, automatically attracts observers' attention and facilitates processing of the gaze, ultimately enhancing the gaze cueing effect.
Introduction
Eyes can convey a wealth of information, such as the direction of attention or the emotional state of a person at a particular moment. Among the information we derive from the eyes, gaze direction is especially important because it usually implicates an object and/or a location of interest. Therefore, the ability to follow the gaze of others plays a significant role in social interactions. Perhaps due to the inherent significance of gaze, visual attention appears to be automatically allocated in response to another's eye gaze (Driver et al., 1999; Friesen & Kingstone, 1998; Langton & Bruce, 1999) . Most studies have used a modified version of Posner's (1980) attentional cueing paradigm to investigate attentional orienting to eye gaze; this is the gaze cueing paradigm (for reviews, Langton, Watt, & Bruce, 2000) . In this paradigm the direction of eye gaze is manipulated as a cuing stimulus for a subsequent target object. For example, Driver et al. (1999) used a photograph of a human face where the attentional cue was associated with the direction of eyes in the face: eyes were directed either towards the left or the right, signaling a potential position of a target. Reaction time (RT) was faster when gaze direction was consistent with a target location than when it was inconsistent. This gaze cueing effect was observed when the gaze direction was non-predictive of target (50% consistency), and even when it was counter-predictive (i.e., 75% inconsistency, Friesen, Ristic, & Kingstone, 2004) . For these reasons, orientations to eye gaze has been considered automatic and reflexive.
Despite the automatic nature of the gaze cueing effect, one might reasonably expect that facial expressions would modulate the magnitude of the gaze cueing effect because emotional facial signals typically provide valuable sources of social information, hence they too may effectively guide attention. For example, when an individual smiles while viewing an object, it is reasonable to assume an on-looker will have a favorable impression of this object, whereas the opposite conclusion can be drawn if an individual expresses disgust while gazing at an object. In fact, Bayliss, Frischen, Fenske, and Tipper (2007) found that objects that were viewed by others were evaluated according to the valence of the facial expression of the viewers (i.e., smiling and disgusted faces were associated with high and low values, respectively). More relevant to the present study, Mathews, Fox, Yiend, and Calder (2003) found that gazes by fearful faces enhanced their cueing effect among participants with high-trait anxiety. This enhancement has been replicated (Fox, Mathews, Calder, & Yiend, 2007; Holmes, Richards, & Green, 2006) and extended to an unselected sample of participants (Putman, Hermans, & Honk, 2006; Tipples, 2006) . Mathews et al. (2003) explained their results in terms of an evolutionary advantage for high sensitivity to a potential threat: The direction of gaze expressed by a fearful face is likely to signal the www.redfame.com/ijsss International Journal of Social Science Studies Vol. 1, No. 1; 2013 223 presence of potential threat; therefore, rapid allocation of attention (by an on-looker) to such a threat would aid in survival, hence be favored by natural selection.
Caution is warranted, however, in accepting any interpretation of this cuing enhancement by fearful faces, for several reasons. First, Hietanen and Leppanen (2003) failed to find fearful gaze enhancement, suggesting that gaze direction was processed in an encapsulated module, and thus was independent of other components of face processing. Second, other facial expressions, such as happiness and anger, have not reliably modulated the gaze cueing effect (Hietanen & Leppanen, 2003; Fox et al., 2007 ; but also see Holmes et al. 2006) . Considering the survival advantage of rapid allocation of attention to a threat (Mathews et al., 2003) , not only fearful faces but also angry faces may enhance orienting to eye gaze. Third, the enhanced gaze cueing effect for fearful faces can be explained by low-level visual properties of a fearful face. Tipples (2006) pointed out that fearful faces feature eyes that are widely open. The luminance contrast between sclera and iris is known to be critical for the perception of gaze direction (e.g., Ricciardelli, Baylis, & Driver, 2000; Sinha, 2000) . Bearing in mind that the sclea-iris contrast increases with a widening of the eyes, it is possible that wide-open and fearful eyes enhance the gaze cueing effect only due to their visual properties (i.e., higher sclera-iris contrast) and not due to their emotional expression.
The purpose of the present study is to investigate the enhancement of eye gaze orienting to a potential threat using methods that differ from those of previous studies (Fox et al., 2007; Hietanen & Leppanen, 2003; Holmes et al., 2006; Mathews et al., 2003; Tipples, 2006) . Instead of using fearful faces, we used one-eye moved faces ( Figure 1b ) in a gaze cueing paradigm (Driver et al., 1999; Friesen & Kingstone, 1998; Langton & Bruce, 1999) . One-eye moved faces were originally developed by Cooper and Wojan (2000) , and have been known to create grotesque or bizarre impressions among observers (Cooper & Wojan, 2000; McKone, Aitkin, & Edwards, 2005) . According to Cooper and Wojan (2000) , the grotesque impression arises because moving either one of the eyes violates structural properties that are used to achieve basic-level categorization of faces (see, McKone et al., 2005 , for a critique and different theoretical interpretation). We speculated that the violation of basic structural properties of faces directly instills a type of fear related to injuries, illness, blood, and surgical procedures. This fear is one of four prominent types of fear identified in a meta-analysis (Arrindell, Pickersgill, Merckelbach, Ardon, & Cornet, 1991) . Consequently, we hypothesized that the grotesqueness of the one-eye moved faces convey a threatening impression, thereby capturing attention. This attentional capture should enhance the cueing effect of gaze and facilitate face processing. 
Experiment 1
In this experiment, we used original faces ( Figure 1a ) and one-eye moved faces ( Figure 1b ) in a gaze cueing paradigm (Driver et al., 1999; Friesen & Kingstone, 1998; Langton & Bruce, 1999) . Because effects of facial cues in the gaze cueing paradigm have been reliably observed at short stimulus onset asynchronies (SOAs) between the cue a subsequent target (e.g., Jones et al., 2010; Deaner, Shepherd, & Platt, 2007) , the present study employed two relatively short SOA conditions (100 and 400 ms). On the basis of our hypothesis, it was predicted that relative to original faces, the One-eye moved faces would produce a larger facilitative effect of a gaze cue. 
Methods

Participants
Twenty-eight undergraduate students from Senshu University (18 females and 10 males) served in the experiment. All had normal or corrected-to-normal visual acuity. They received extra course credit for the participation. Snacks and refreshments were also provided after the participation.
Apparatus
A CRT monitor (Eizo FlexScan T565, Refresh rate = 100 Hz) and a personal computer (Apple Power Macintosh G4) were used for presentation of stimuli and for recording participants' responses. The experiment was controlled by Matlab with Psychophysics Toolbox extensions (Brainard, 1997; Pelli, 1997) . A ten-key pad (Sanwa Supply M5UW) was connected to the computer and served as a two-key response console.
Design
The experiment was a 2 (eye position: original vs. one-eye moved) X 2 (validity: valid vs. invalid) X 2 (SOA: 100 ms vs. 400 ms) repeated measures factorial design. The dependent variables were RT and error rate. Figure 1 shows examples of face stimuli used in the experiments. The face stimuli were photographs of two females and two males of East Asian origins with neutral facial expressions. The photographs appeared in a grayscale, and subtended six degrees in visual angle (here after, deg) vertically and horizontally on the CRT monitor. In the original photographs, the gaze direction of models was straight ahead. The vertical position of the eyes was set on the vertical midline of the photograph in the original photographs. To create the gazing-left and gazing-right cues, pupil regions were extracted from the facial photo and replaced with eyes shifted to the left or to the right using Adobe Photoshop. For the one-eye moved condition, a region of either one of the eyes, including the eye brow, was extracted from the original face and then was moved 0.3 deg vertically upward ( Figure 1b) . The one-eye moved faces were rated as very grotesque on a 7-point scale (0 = not at all grotesque, 6 = extremely grotesque) by ten independent raters who did not participate the experiment, M = 5.33, SD = 0.59. The grotesqueness ratings were significantly higher for the one-eye moved faces than for the original faces M = 0.60, SD = 0.64, t(9)) = 22.18, p ¡ .001, r = .99). The target for the spatial localization task was a square shape (visual angle of 1 deg).
Stimuli
Procedure
Participants were seated in a dimly lit room approximately 570 mm away from the CRT monitor. At the beginning of each trial, a fixation dot (0.2 deg) appeared for 500 ms, followed by a pre-cue face presented at the center of the monitor. The gaze direction of the pre-cue face was straight ahead. At 500 ms following the onset of the pre-cue face, the gaze cue was presented: pupils shifted either to the left or to the right side of each eye (i.e. the gazing-left or gazing-right cue was presented, see Figure 1) . The target stimulus then either 100-ms or 400-ms following the onset of gaze cue (i.e., cue-target SOA). The target occurred equally often to the right or left of the face; the distance between the center of the face and the target was always 6 deg. The vertical position of the target, as well as that of the eyes of the original faces, was set on the vertical midline of the display. Therefore, the gazing-left and gazing-right cues predicted the exact location of the target when the cue was valid. This was also true for the one-eye moved condition because vertical shift of the eye position (0.3 deg) was much smaller than the target size (1 deg).
Participants were asked to judge the position of the target (i.e. a simple localization task). They were instructed to press the left key with their left hand when the target appeared on the left side of the monitor, and press the right key their right hand when the target appeared on the right side. In this study, the finger-response mapping was consistent across all trials of the experiment to avoid a stimulus-response incompatibility effect. The trial was automatically terminated if there was no response within 2500 ms.
Valid and invalid cue trials occurred equally often and were randomly distributed across the experiment. Participants were told that the gaze cue was not informative of the target location. Instructions stressed the importance of response speed and response accuracy. Participants completed a total of 128 trials, which were divided into two blocks of 64 trials. There were eight repetitions of an orthogonal combination of two eye-positions, two gaze cues and two SOAs in a single block. In each block, the numbers of trials were equated for the left-eye and the right-eye moved faces (4 repetitions each). The trial order was randomized within a block. Eight practice trials were given to participants prior to the testing session. 
Results and Discussion
For each participant, mean RT of correct responses was computed for the 8 experimental conditions described in the Design section. The responses outside the mean RT ± 2 SD were excluded as outliers; these comprised 5.83% of all the trials. Percentages of error trials were also computed. Error rate was extremely small (M = 0.61% for the total), and thus was not analyzed further. To clarify the nature of this two-way interaction, separate analyses were conducted for each validity condition. For the valid condition a main effect of eye position was significant, F(1, 27) = 8.13, p = .008, η p 2 = .23, with faster responses for the one-eye moved condition than for the original condition. On the other hand, there was no significant main effect of eye position for the invalid cue condition, F < 1.00, η p 2 = .03.
Our prediction concerning eye position was confirmed: One-eye moved faces, , produced a larger facilitative effect of a gaze cue than did normal faces. Considering the grotesque impressions of one-moved faces (see Figure 1b ), this result supports Mathews et al's (2003) idea that enhancement of eye gaze orients an observer to a potential threat.
One might argue that the larger gaze cueing effect for one-eye moved faces is attributable to the vertical displacement of the eye position, not to the grotesque impression. In Experiment 2, we tested the role of a vertical displacement of locations of both eyes in the gaze cueing effect.
Experiment 2
Instead of using the one-eye moved faces, the present experiment used two-eye moved faces for the gaze cues as illustrated in Figure 1c . Relative to one-eye moved faces, the two-eye moved face, although odd, creates a greatly attenuated impression of the grotesque due to the vertical displacement of both eyes (Cooper & Wojan, 2000; McKone et al., 2005 two-eye moved faces as being more like a human face (i.e., 10% chose one-eye moved faces). On the basis of our hypothesis, it was predicted that the two-eye moved faces should evoke less fearful reactions than the more grotesque one-eye moved faces, and thus lead to a gaze cueing effect comparable to that found with normal faces.. On the other hand, if the vertical displacement of the eyes were responsible for the results observed in Experiment 1, then the results of Experiment 2 should replicate those of Experiment 1 by showing a greater facilitating effect of the gaze cue for the two-eye moved faces than for normal, i.e., original, faces.
Methods
The method was identical to that of Experiment 1 unless otherwise noted. Participants were 28 undergraduate students (12 females 16 males) who did not take part in Experiment 1. Instead of using the one-eye moved faces, Experiment 2 employed two-eye moved faces, in which both left and right eyes were moved upward by 0.3 deg (see figure 1 ). There were significant differences in grotesqueness ratings between original, one-eye moved, and two-eye moved faces, F (2, 18) = 159.89, p < .001, η p 2 = .95, the two-eye moved was rated as less grotesque M = 2.85, SD = 0.74, than the one-eye moved faces (M = 5.33, SD = 0.59), t (9) = 9.65, p < .001 (Bonferroni-corrected), r = .95 while it was rated as significantly more grotesque than the original ones (M = 0.60, SD = 0.64), t (9) = 7.17, p < .001 (Bonferroni-corrected), r = .92. Figure 3 . Means of reaction time as a cue validity, face type, and SOA in Experiment 2. Original faces and two-eye moved faces were compared. Error bars show SEs.
Results and Discussion
Results were analyzed in the same manner as Experiment 1, and 5.08 % of all the trials were excluded as outliers. The error rate was extremely small (0.78% for the total), and thus was not analyzed further. Figure 3 presents averages of individual RT means in Experiment 2. The RT data was subjected to a three-factor repeated-measures ANOVA. A main effect of validity was significant with faster responses for the valid cue condition (M = 282 ms) than for the invalid cue condition (M = 292 ms), F(1, 27) = 16.45, p < .001, η p 2 = .38, showing a facilitative effect of the gaze cue. In addition, RT significantly decreased with the increase of SOA, F(1, 27) = 101.22, p < .001, η p 2 = .79 (Ms = 308 ms and 267 ms, for the 100-and 400-ms SOAs, respectively). In contrast to Experiment 1, the interaction between validity and eye position was not significant, F (1,27)= 1.78, p = .19, η p2 = .06. No other main effect and interaction were significant, ps > .09, η p 2 =.10.
Original and two-eye moved faces produced comparable gaze cueing effects. Because the magnitude of vertical eye displacement was exactly the same for the one-eye moved and two-eye moved faces, the present results can not be explained by the vertical displacement of the eyes. Considering that the two-eye moved faces were not rated as grotesque as the one-eye moved faces the present results support our hypothesis.
Although the two-eye moved faces were rated significantly less grotesque than the one-eye moved faces, they were rated as more grotesque than the original faces. Nevertheless, the enhancement of the gaze cueing effect was not observed for the two-eye moved faces probably because these faces were not sufficiently grotesque to induce fear. The enhancement may be observed only when faces are sufficiently grotesque induce intense fear among observers. The highest grotesque ratings for the one-eye moved faces (M = 5.33 on a 7 point scale [0-6]) support this interpretation.
General Discussion
Relative to the original (normal) faces, one-eye moved faces produced a larger facilitative effect on viewers' orientations to eye gaze (Experiment 1) whereas the two-eye moved faces did not (Experiment 2). Considering the grotesque impression of the one-moved faces (see Figure 1b) found in Experiment 1, these results are consistent with Mathews et al.'s (2003) idea of enhancement of gaze orienting to a potential threat. In addition, the null result of Experiment 2 suggests that the grotesque impression, not the eye displacement per se, is responsible for the enhanced gaze cueing in Experiment 1.
It has been demonstrated that angry faces do not produce any facilitative effects on gaze cueing (Hietanen & Leppanen, 2003; Fox et al., 2007) . Assuming that angry faces produce a threatening impression, these previous results appear to be inconsistent with our hypothesis which holds that grotesqueness of one-eye moved faces conveys a threatening impression and that this, in turn, captures attention. However, it should be noted that whereas the one-eye moved faces may be grotesque and bizarre, they do not necessarily express anger (see Figure 1b ). Indeed, it is possible that a threat from anger has a qualitatively different effect on gaze cueing when compared with a threat from the grotesque face. For the angry faces, the source of a threat is highly predictable from the gaze direction but this is not the case for the grotesque one-eye moved faces. For example, an angry face that looks straight at an observer is clearly a threat directed to that observer, whereas angry face looking away may be a threat to a different person (Adams & Kleck, 2005) . The grotesqueness of one-eye moved faces might not convey such clear distinctions based on the gaze direction. Rather, in these situations the grotesqueness may be related to a vague fear of the unknown and unpredictable. In such a case, it may be advantageous for one to be vigilant in response to the gaze direction to prepare for possible outcomes.
As we mentioned in the Introduction, Tipples (2006) has claimed that the enhanced gaze cueing effect for fearful faces can be explained by the increased sclera-iris contrast that accompanies eyes expressing fear; fearful eyes are typically opened more widely than in other facial expressions. However, the enhanced gaze cueing effect for the one-eye moved faces in Experiment 2 can not be explained by increments in sclera-iris contrast because vertical displacement of the two eyes did not affect the sclera-iris contrast; this contrast was identical to that of the faces used in Experiment 1.
Several researchers have found that gazes by fearful faces enhanced their cueing effect among participants with high-trait anxiety (Fox et al., 2007; Holms et al., 2006; Mathews et al., 2003; Putman et al., 2006) . In the future, this enhanced gaze cueing effect can be used for a behavioral assessment of anxiety, which is usually assessed with questionnaire. However, the enhancement of the gaze cueing effect in participants with high-trait anxiety is not very large when normal faces are used in the gaze cueing paradigm (Fox et al., 2007; Holms et al., 2006; Mathews et al., 2003; Putman et al., 2006) . The grotesque faces used in the present study may be suitable for the behavioral assessment because the grotesque faces enhance the gaze cueing effect and may contribute to more reliable assessment when compared with normal faces.
Facial expressions have often failed to produce a substantial effect on orienting to eye gaze (e.g., Hietanen & Leppanen, 2003) . However, a robust effect of facial expression has been observed at least for fearful faces (Fox et al., 2007; Holmes et al., 2006; Mathews et al., 2003; Putman et al., 2006; Tipples, 2006) . This selective effect of fearful faces may be attributable to differences in: (1) emotional valence (i.e., positive vs. negative) and/or (2) motivation (i.e., approach vs. withdrawal). First, information with a negative emotional valence usually has higher survival value than information with a positive valence (e.g., Fox, 2008) . For instance, overlooking a predator may be disastrous whereas overlooking food may not. Second, gaze directions of angry and fearful expressions may be differentially processed on the basis of their motivational aspects (Adams & Kleck, 2003) . Adams and Kleck (2003) found that a face with an approach-related emotion (e.g., anger) was detected faster when gaze direction was straight ahead than when it was averted whereas the opposite was true for a face with a withdrawal-related emotion (e.g., fear). Higher sensitivity to a gaze cue among individuals with high trait-anxiety (e.g., Fox et al., 2007; Holmes et al., 2006; Mathews et al., 2003) suggests that, not only emotional expressions of face stimuli, but also an emotional state of observers affects the processing of a gaze cue. That is, individuals experiencing fear may detect an averted gaze faster than a straight gaze because fear is related to withdrawal motivation. The gaze cueing effect may be reliably enhanced for the one-eye moved faces because these faces tend to arouse the withdrawal emotion of fear in the present study. 
